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This study was i n i t i a t e d  t o  search  f o r  i s o b a r i c  measured e x c i t a t i o n  energy f o r  t h e  IAS of 2 0 8 ~ b  g.s. 
analogues of magnetic d ipo le  r a d i a t i n g  s t a t e s  i n  2 0 8 ~ b ,  is 15.0k0.3 MeV which is i n  good agreement w i th  t h e  
and t o  determine the  f e a s i b i l i t y  of us ing  t h e  (p,n) va lue  of 15.17+0.02 MeV repor ted4 by Crawley e t  a l .  
r eac t ion  t o  a i d  i n  l oca t ing  M 1  s t r eng th  i n  medium t o  
heavy nuc le i .  The experimental  s i t u a t i o n  pe r t a in ing  
t o  M1 ground-state r a d i a t i v e  s t r eng th  has  been sum- 
marizedl r ecen t ly  wi th  t h e  conclusion t h a t  l i t t l e  
d e f i n i t i v e  information is a v a i l a b l e  f o r  n u c l e i  wi th  
A>40. I n  2 0 8 ~ b  i t  is  known t h a t  th i r ty- four  reson- 
ances between 7.38-7.79 MeV conta in  CB (Ml) +%2.6 vo2, 
with about ha l f  of t h i s  l oca l i zed3  wi th in  a narrow 
doorway s t a t e  a t  ~ 7 . 5  MeV. The analogue resonances 
would l i e  a t  an  e x c i t a t i o n  energy of %22.7 MeV i n  
208~i ,  and would have T=22. I f  t he se  do not  
s t rong ly  admix wi th  background s t a t e s ,  they might 
be observed i n  t he  2 0 8 ~ b ( p , n )  r eac t ion .  The same 
experiment is a l s o  expected t o  y i e l d  information on 
the  g i an t  Gamow-Teller (GT) resonance f o r  which l i t t l e  
information i s  a v a i l a b l e  f o r  t a r g e t s  with A>90. 
A zero degree spectrum taken a t  E -120 MeV is P 
shown i n  Fig. 1. Zero degree c ros s  s ec t ions  and 
e x c i t a t i o n  energies  a r e  given i n  Table I. Our 
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F i ~ x r e  1. Time-o f- f l ight  neutron spectrum for 8 ~ b  (p,n) 
B i  a t  +0° for Ep=l 20 MeV. F a t  t o  the peaks (with 
the exception of that a t  21.5 MeV) dheussed i n  th i s  
paper with the asswned background are shown. 
We have the re fo re  normalized our energy s c a l e  t o  
t h a t  work. Macroscopic DWBA ca l cu l a t i ons  ( o p t i c a l  
model parameters5 from Schwandt e t  a l . )  were used t o  
a s s ign  R-transfer. The 2.8 MeV peak is  assigned 
a s  A R = l  whereas those  a t  15.2 and 15.6 MeV a r e  AR=O.  
The peaks a t  22.9 and 24.6 MeV a l s o  f a l l  of f  r ap id ly  
with angle and, hence, a r e  AR=O.  I n  th is ,  prel iminary 
study,  we were unable t o  obta in  an angular  d i s t r i b u t i o n  
f o r  t he  21.5 MeV peak. However, i t  i s  c l e a r  from the  
160 MeV da ta ,  t h a t  i t  behaves s i m i l a r l y  t o  t h e  2.8-MeV 
peak and thus  a l s o  involves A R - 1 .  
The cross  s ec t ion  f o r  the  neutron group a t  15.6 MeV 
increases  r e l a t i v e  t o  t h a t  f o r  the  IAS i n  going from 
120 t o  160 MeV. The inc rease  i n  the  r a t i o  of t he  
r e l a t i v e  cross  s ec t ions  by a f a c t o r  of ~ 2 . 2  a t  160 MeV 
is i n  good agreement with t he  predic t ions6  of Love 
Table I. Ener i e s  and cross  s ec t ions  f o r  resonances 
observed i n  20fPb(p,n)208Bi r eac t ion  a t  E =I20 MeV 
P 
- 
2.8 0.86 + 0.15 2 
15.2 9.0 + 1.5 0' (IAS) 
15.6 41 + 12 4 .1  1' (GT) 
21.5 + 1.0 c 10 + 3 (1) -d 
22.9 0.9 + 0.4 1+ 
24.6 1 .0  + 0.5 1 .2  1+ 
a )  Exci ta t ion  energies  normalized t o  15.2 MeV f o r  
t he  g.s. IAS. Uncer ta in t ies  i n  e x c i t a t i o n s  of 
o the r  resonances r e l a t i v e  t o  t h e  IAS a r e  +0.2 MeV, 
except where noted. 
b) Where not  given, r was found t o  be equal  t o  t he  
experimental r e so lu t ion  ~ . 6 7  MeV. 
c)  'cross s ec t ion  only determined a t  ~ 5 ' .  A t  160 MeV, 
t h e  5' c ros s  s ec t ion  is about 80% of t h a t  f o r  
t he  GT a t  0'. 
d) J=2 cannot be ru led  out .  
f o r  t he  i nc rease  of ( J , ~ / J ~ ) ~ Q ~ . ~ .  Hence, we conclude 
t h a t  t h e  peak a t  15.6 MeV corresponds t o  t he  g i a n t  GT 
resonance. The peaks a t  22.9 and 24.6 MeV, a s  w e l l  a s  
p a r t s  of t h e  spectrum between threshold  and the  ground- 
s t a t e  IAS, behave s i m i l a r l y  t o  t h e  15.6-MeV peak. 
Hence, t he se  represent  add i t i ona l  GT s t r eng th .  
Assigning t h e  i sosp in  of t he  t a r g e t  a s  T t h e  
0' 
c ros s  s ec t ions  t o  s t a t e s  with (T - I ) ,  T and (T +1) 
should be propor t ional  t o  (2To-1) (2To+l) -' , (To+l)-' 
and [ (2To+l) (To+l) ]-I ,  respect ive ly .  Thus, f o r  n u c l e i  
with l a r g e  To (such a s  2 0 8 ~ b ,  T =22), one should mainly 
observe s t a t e s  i n  t he  f i n a l  nucleus with i sosp in  
T=(To-1). For t h e  r eac t ion  2 0 8 ~ b ( p , n )  208~i ,  t h e  
s t r eng th  t o  T=22 s t a t e s  i n  208~ i  should have approx- 
imately 4% of t h e  s t r eng th  t o  T=21 s t a t e s .  
The peak a t  Ex=22.9 MeV has  a FWHM which is com- 
parable  t o  t h e  energy r e so lu t ion  and, wi th in  exper- 
imental unce r t a in t i e s ,  occurs near  t h e  energy expected 
f o r  t h e  analogues of t h e  M 1  resonances near  7.5 MeV 
i n  2 0 8 ~ b .  I n  add i t i on ,  t h e  c ros s  s ec t ion  f o r  t h i s  peak 
is approximately 2% t h a t  of t h e  15.6 MeV peak a s  expect- 
ed. Hence, we a s s ign  t h e  22.9 MeV peak a s  T=T and sug- 
ges t  i t  r ep re sen t s  t he  analogue of t h e  Ml s t r eng th  ob- 
served i n  2 0 8 ~ b .  The peak a t  Ex=24. 6 MeV is a l s o  
suggested t o  have T=T and t o  represent  IAS of Ml 
s t r eng th  a s  y e t  un iden t i f i ed  i n  2 0 8 ~ ~ .  The photoneu- 
t r o n  po la r i za t ion  measurements on 2 0 8 ~ b  y Holt e t  a l .  7 
have found t e n t a t i v e  evidence f o r  Ml s t r eng th  near 9 MeV. 
The GT matr ix  elements have been deduced from t h e  
zero degree c ros s  s ec t ions  using t h e  procedure de- 
scr ibed  elsewhere i n  t h i s  repor t .  We use  
1 Jf 1 =89 M ~ V - f  m3 and I J ( =I68 M~V-f  m3 i n  reasonable 
(J f 
agreement with t h e  impulse approximation. With t h i s  
va lue  of I J , ~  and < ~ > ~ = 4 4 ,  we can use t h e  experimental 
D 
c ros s  s e c t i o n  f o r  t he  g.s. IAS t o  deduce Nf=0.049 
which is i n  reasonable agreement with a ca l cu l a t ed  t o  whether t h e r e  is "missing" GT s t r eng th .  
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